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Executive Summary
The purpose of this project was to design and prototype a spinal facetectomy tool which
will minimize the risk of spinal nerve damage and standardize this procedure for all surgeons.
This Final Report for Alphatec describes the scope of the project, the process to get to the final
prototype of the device, along with a project timeline for the team. A background of current
devices and their issues is included to illustrate the need for a new spinal facetectomy device.
Within the scope of the project includes a list of customer requirements for the device and the
process of translating these requirements into quantifiable engineering specifications. Once
customer requirements and specifications were identified, a morphology was created to identify
key functions of the device and possible concepts to fulfill each. Three concepts were compared
against a baseline criterion. A design was chosen, and a conceptual model of the device was
created using SolidWorks software and a model of the lumbar region of the spine. Failure modes
of the device design were identified, and the total risk of each potential was quantified. A
detailed design section describes the final concept and has information about the material, cost,
and dimensions of the device, along with a new conceptual model. Sections for manufacturing
and device tests are included. Instructions for manufacturing the final device have been laid out
and tests for each of the engineering specifications have been explained. Test data have been
recorded and analyzed with key quantitative results including passing the endurance limit and
tensile strength tests by having infinite life with an endurance stress of 102.1MPa and a tensile
strength of 361.3MPa with no deformation before an applied 5lbf. A target factor of safety of 3
was passed with an actual factor of safety of 3. Instructions for use have been written in detail for
the use of the tool.

Introduction
During a Transforaminal Lumbar Interbody Fusion (TLIF) surgery, a unilateral
facetectomy is performed [1]. A facetectomy consists of removing the facet joint to allow for
visualization and removal of the intervertebral disk and decompression of the spinal nerve [1].
The current designs for facetectomy tools present no reproducibility in procedure results, are not
part of a standardized protocol, and can be dangerous for the patient.
The overall goal of this project is to design, develop, and test a spinal facetectomy tool
that will quickly, effectively, and safely resect the facet during a TLIF surgery. In this project,
the engineers, and staff at Alphatec will be acting as customers and sponsors to the team,
providing necessary guidance for the completion of the tool.
The following sections of this Final Report for the Spinal Facetectomy Tool will include
the background, objectives, project management, House of Quality, Indications for Use,
customer requirements, morphology, conceptual model, a detailed design, test plans, prototype
manufacturing instructions, test data and analyses, instructions for use, and a discussion for the
device.

Background
The current methods for performing a facetectomy vary between medical practices and
surgeons. It is important to mention that our device was not used for the dissection of the spinal
area and was instead purely focused on the removal of the caudal lamina and the medial aspect
of the caudal facet [2]. This unstandardized procedure requires several surgical tools which are
described and listed below. The use of these tools, or lack of, is determined by surgeon
preference, allowing for variation between procedures and surgeons [2]. The first part of the
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procedure includes using an osteotome, which is used to outline and identify the facet joint that
will be removed by hammering in a groove into the bone [3]. Osteotomes were incorporated in
facetectomies to help reduce the damage to soft tissue and spinal bone [4].
From here, the actual removal of the facet joint on the spine can be done in several ways.
According to Alphatec, the most common surgical method includes using mechanical bur on a
specialized drill to remove the facet content from the spinal joint, which accounts for about 60%
of all facetectomies. This method is risky, as there is a chance that the burs can drift into soft
tissue causing nerve entanglement and perioperative morbidity, and they are often found to be
difficult to control in patients with harder bone content [4]. There are other surgical tools that can
be used instead (or in tandem with the bur drills), such as the curette, as shown in Figure 4, a
surgical instrument designed for scraping or debriding biological tissue or debris, which are often
angled for facetectomies [4]. Often, a Kerrison rongeur is used with the bur drills as they help
remove any excess bone left in the facet joint; they are plier-like surgical tools that are typically
used to remove bone or connective tissue [3,4]. There is research into ultrasonic drills that
operate at a frequency tailored specifically to the facet joint to minimize damage to surrounding
bone and tissue, although, like the traditional bur drills, still risks cutting the dura mater in the
spine [5].
Included below, in Table 1, is a list of current patents for surgical tools that are
commonly used in spinal facetectomies, and the claims on the patent that we considered when
designing our tool.
Table 1. Five Current Patents Related to Facetectomy Tools.

Surgical Tool
Surgical Burs

Patent Claims that may be Infringed on During Design
The claims that we risked infringing upon would be Claims 1, 6, 7, 9, and
11. These claims state that the device uses motor-powered radial motion of
a specified tool shape (cutting edges, trailing edges, and flutes) to allow a
user to cut hard tissue [6].
Cutting Instrument The claims that we risked infringing upon would be Claims 1, 12, 13, 14.
These claims describe the device’s ability to cut into tissue and provide
drilling diameters through rotation and the alternating positioning of a
pivoted blade (housed and projected) [7].
Method for
The claims that we risked infringing upon would be Claims 1 and 8. These
Ultrasonic Tissue
claims detail the method in which tissue is removed and when to cease
Excision with Tissue device operation. The device is a thin, flat blade which vibrates at
Selectivity
ultrasonic levels to remove hard tissue. Device function is stopped when a
tactile change is detected (pressing the device against hard tissue versus
soft tissue) [8].
Shaped Tip Bur
The claim that we risked infringing upon would be Claim 1. This claim
Instrument
describes the variable speed motor within the device and the specific shape
of the burr tip [9].
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Drill with Depth
Measurement
System

The claims that we risked infringing upon would be Claims 65, 72, 73, 74,
and 75. These claims describe the ability of the device to measure and
display surgical drill depth during bone removal procedures. These claims
also detail an alert system which results in auditory warnings, reduction in
drill speed, and shutoff of the device [10].

There are some key issues with the tools that are used in current facetectomy procedures,
mainly the lack of standardization among surgeons. With varying patient anatomies and surgeon
technical ability, the results of this procedure tend to be inconsistent, according to Alphatec.
Subsequently, an effective, standardized tool developed for this procedure would likely produce
higher reproducibility and success rates for facetectomies. Another issue with current surgical
equipment is the abundance of force exerted on the patient’s spine. There is a possible risk of
stenosis, a debilitating type of back pain that is caused by the compression of nerve roots during
the removal of the spinal facet, which can lead to other neurological impairments [11]. As such,
the development of our tool revolved heavily around avoiding the use of intense and
concentrated mechanical force on the spinal facet, and axial stress on the spine. Alphatec
discussed a possible neuromonitoring system that could detect nerves along the spinal facet, but
ultimately decided that this technology may be outside the scope of this project.
This device is a Class I medical device according to the FDA, exempting our product
from premarket approval and 510(k) applications [12]. Any surgical equipment used by doctors
in minimally invasive surgery (including facetectomies) such as scalpels, curettes, osteotomes,
and bur drills fall under this classification [13]. In terms of the FDA regulations for evaluating
the biological safety of this device, there will likely be a large focus on ISO-10993-15 for
identification and quantification of degradation products from metals and alloys, as well as ISO
10993-9 for framework for identification and quantification of potential degradation products.
Alphatec has confirmed this for our group and has already worked with the FDA to justify this
classification.

Objectives
The purpose of this project is to design and prototype a spinal facetectomy tool to be used
during a transforaminal lumbar interbody fusion surgery to minimize risk of spinal nerve damage
and variability of the procedure. When identifying boundaries, this project includes designing
and testing a spinal facetectomy tool that can quickly, safely, and consistently resect the facet
joint (in the lumbar section) during a TLIF surgery. The project does not include the removal of
the damaged disc and subsequent fusion of the spine. The spinal facetectomy tool will aim to
cover the wants and needs that Alphatec has expressed. The indications for use of this device can
be found at the end of this section.
The customer requirements work to solve the current issues with existing facetectomy
tools and improve the procedure. The customer requirements include the ability to have
reproducible results and a high life cycle, be reusable, safe, strong, small, applicable to the entire
lumbar region, low cost, low axial force, manufacturable, and accessible to all surgeons.
The customer requirements were translated into quantifiable engineering specifications.
To quantify being reusable and having a high life cycle, the engineering specification of
endurance strength was used. This specification was used to prove that the material properties
can satisfy the customer requirements. Having reproducible results across all procedures was
quantified through a high success rate. To translate strength and cost to engineering
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specifications, the material of the device was considered. For strength, we used 316 Stainless
Steel, a common material for other surgical tools. Cost is strongly correlated to the material
being used. 316 Stainless Steel has been chosen based on previous surgical tools’ success with
this type of stainless steel and its properties. Factor of safety is being used as the engineering
specification for the customer requirement of safety. A factor of safety of 3 was used since it is
the baseline for stainless steel surgical tools. The customer requirements of manufacturability
and being small were translated in terms of the number of parts and dimensions of the device. To
be accessible to all surgeons, the engineering specification chosen was surgeon fatigue. We
investigated surgeon fatigue as a measurement of accessibility because we need the device to be
able to be used by all surgeons, without it becoming burdensome during the procedure. The Piper
Fatigue Scale-12 is a subjective assessment on fatigue during a procedure, on a scale of 1-22.
The engineering specifications will be measured and applied to the design of the device. The
House of Quality, which includes the engineering specifications, can be found in Appendix A.
As seen in Table 2, each engineering specification includes units of measurement, the
anticipated risk of how likely it is to fail the target goal, and a compliance method to determine
how the goal is met. The risk of failing to meet the target is split into high, medium, and low.
Common approaches to assessing compliance are by test, analysis, inspection, or similarity to
similar devices (T, A, I, S, respectively).
Table 2. Engineering Specifications.
Customer
Engineering
Spec#
Requirement
Specification

Units

Target

Tolerance

Risk

Compliance

1

Reusable

Endurance Limit

MPa

107.4

Min

L

T, A

2

High life cycle

Endurance Limit

MPa

242.5

Max

L

T, A

3

Strong

Tensile Strength

MPa

483

±5

L

T, A, S

4

Safe

Factor of Safety

N/A

3

Max

L

T, A

5

Reproducible

Success Rate

%

90

Min

M

T, A, I

6

Small

Dimensions

inches

11

± 0.005

L

I

7

Inexpensive

Cost

$

1300

Max

M

S

8

Manufacturable

Parts

#

3

Max

M

I

9

Accessible to all
Surgeon Fatigue
surgeons

1-22
scale

4

Max

M

T, A

Below, a detailed explanation of each parameter is listed, along with a description of how the
team will measure the failure or success of each specification.
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To measure endurance strength, a bend test will be performed. The ultimate
tensile strength of the material will be found and recorded. A calculation will then be
done to determine the endurance strength.
 The factor of safety will not be measured directly. Instead, load and stress
calculations will be performed based on performance data to determine a reasonable
factor of safety.
 The number of life cycles can be found by taking the endurance strength and
multiplying it by correction factors for surface finish, size, loading, temperature, and
reliability to find the number of cycles the real device can endure. It can then be
compared to the applied stress to see if the device has infinite life.
 The success rate will be measured as a percentage of the number of successful
procedures divided by the number of total procedures performed. Successful
procedures will include reproducible results.
 Dimensions will be measured by digital calipers after prototype manufacturing.
 Cost will be determined by the total price of the material, assembly, and
manufacturing of prototyping.
 The number of parts will be determined once the final design concept is
completed, prior to prototyping. The total number of parts will be compared to the
threshold number of three.
 Surgeon fatigue will be measured through the subjective Piper Fatigue Scale-12
(PFS-12). Surgeons will fill out a PFS-12 scale after using the device to report their
fatigue using the device.
High-risk parameters include success rate, endurance strength, and surgeon fatigue. To
ensure safety and effectiveness of the device, extensive research and design development will be
put into place. Due to the strength of bone, the strength of the material must be hard enough to
effectively cut bone without bending or breaking. Surgeon fatigue is high-risk since it impacts
success rate directly. The high-risk parameters tie directly in with the goal of this project- to be
able to remove the facet joint bones safely, effectively, and quickly during a TLIF surgery. If
these customer requirements cannot be met, the efficacy of the device will decrease.
The spinal facetectomy tool is indicated for use in skeletally mature patients in the
lumbar region of the spine (L1-L5) during a transforaminal lumbar interbody fusion (TLIF)
surgery. The tool is used to remove the lumbar facet joint to expose the damaged spinal disc for
removal and decompression of the spinal cord. Patients receiving a TLIF surgery typically suffer
from diagnosed spinal stenosis, spondylolisthesis, lumbar canal stenosis, black disc, or nerve
compression.


Morphology
To begin the process of building a conceptual design, our team started with a
morphology. Table 3 shows the morphology of the device. The table consists of 5 sub-functions
that the device should be capable of performing. The first sub-function of identifying,
segregating, and preparing the surgical area is important when working with a bone so close to
the spinal nerves. Properly determining how much of the bone needs to be removed in crucial in
the success of the procedure. The second sub-function, collecting force and motion from the
surgeon, includes the use of the device’s grip for accessibility to the surgeon. Amplifying the
force through the device, the third sub-function, works with the cutting mechanism. The cutting
mechanism for the device is critical in the effectiveness and speed of the process. The fourth sub© 2022 Kayla Hong, Kyle Himmelein, Connor Kilzer

function, protection of the area, is one of the most important steps in the facetectomy. Lowering
the risk to the patient with our device is a big customer requirement that was expressed. Finally,
the removal of bone debris, the fifth sub-function, deals with the idea that there will be bone dust
or fragments that need to be continuously removed so that the procedure can be performed
smoothly. With each sub-function, the team came up with at least three concepts for how it could
perform that specific function. Each concept utilized a well-researched way to apply the subfunction to the device. Once all the sub-functions and concepts were identified, conceptual ideas
were created by choosing one concept from each sub-function and combining them together.
Each idea had a total of five sub-functions, with five corresponding concepts.
Table 3. Morphology Chart

Morphology
Product: Spinal
Facetectomy Tool
Function
Identify,
segregate,
prepare
surgical area

Collect force
and motion
from surgeon
Amplify force
through
device

Organization Name: Alphatec

Concept 1
Osteotome

Two grips

Shears

Backstop

Concept 2

Concept 3

Remove bone
debris

Concept Concept
5
6

Flexible mold Heated sleeve

Electrical grip

One grip

Squeezable grip

Drill

Wire

Band saw

Sensor

Ultrasonic

Vacuum

Brush

Protect area

Kerrison
Rongeur

Concept 4

Drill depth
measurement

Cut in
opposite
direction
of soft
tissue

Once our initial sketches were completed using our desired functions, we chose the three
sketches that seemed the most feasible. The first design that we selected was the saw hook
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concept. The idea for the saw hook came to mind after a discussion with Alphatec, as many of
the current designs lacked consideration of the anatomy of the facet joint, specifically the
minimal space between the two bones. Previous ideas included the possibility of removing both
bones of the facet joint at one, but looking closer at the anatomy, it seems this idea is likely not
practical. With the saw hook, the hook will be placed behind the facet joint and be able to cut
through each of the bones at a different time. The backstop prevents the saw from meeting the
nerve endings or soft tissue. The saw will be manually rotated through a squeezable trigger at the
handle of the device. The saw incorporates ideas from our morphology, using one grip, a band
saw, a backstop, and will be used in tandem with a vacuum to clear bone debris while sawing.
Included below, in Figure 7, is the concept sketch of the saw hook:

Figure 1: Saw Hook Concept

The second idea was the facet wire cutter (Figure 8). This concept was developed after
exploring the application of wire in bone cutting, especially for amputation surgeries. Due to
wire’s flexibility and strength, it seemed applicable for this project. This concept attaches a wire
to a motor, where it will be placed around the facet joint (using a detachable joint). The wire will
then cut the bone away from the patient (posterior), reducing the risk of cutting soft tissue and
spinal nerves. The important factor of this design is the flexibility of the cutting tool and its
ability to be fit on different sized facet joints. From the morphology, the tool uses a flexible wire,
an electrical grip (motor), a wire, a backstop, and a vacuum (separate device). The design can be
seen in Figure 8.

© 2022 Kayla Hong, Kyle Himmelein, Connor Kilzer

Figure 2: Facet Wire Cutter

The final design was the Kerrison Saw idea (Figure 9). This concept came from our
initial “Swiss army knife” idea for combining existing tools used in facetectomy procedures into
one standardized device. This would combine the functionality of the Kerrison rongeur with the
bur. However, after discussing with Alphatec, it may be more viable to have a mechanically
powered bur instead of an electrically powered one (possibly a squeeze mechanism, or a wheel).
One of the strengths of this device is that it doesn’t necessarily reinvent the surgery itself, and
many of the current surgical processes remain the same as they are now, but the procedure is
made simpler by having only one device used in the surgery. Also, since the blade is retractably
inside the rongeur there is a built-in backstop that would protect the nerve roots on the spine.

Figure 3: Kerrison Saw (Swiss Army in Pugh Matrix)

Pugh Chart
Once the three concept ideas were finalized, we used a Pugh matrix to determine which
idea seemed the most feasible, manufacturable, and effective in use. The criteria chosen for the
matrix included the device being manufacturable, accessible, strong, feasible, easy to use, good
protection of the surrounding area, having reproducible results, and be applicable to different
sizes and angles of the joints in the lumbar region. Each of these criteria relates to an engineering
specification that was translated from a customer requirement. While each member of our team
used the same criteria to judge these designs, each member assigned their own importance to
each of the predetermined criteria and filled out a Pugh matrix separately to reduce bias in the
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design process. Below, in Table 4, is the accumulation of all three Pugh matrices combining all
three of our criteria, importance values, and design ratings into one final Pugh matrix. The matrix
had the highest weighted total for the Saw Hook. The next highest weighted total was for the
Swiss Army idea, followed by the Wire cutting tool. It was clear that there were some aspects of
each tool that were strengths and weaknesses for our goal. After discussions with Alphatec and
deliberation, the final front runner concept took aspects of all these ideas and combined them
into one feasible tool. The final design of the tool is not included within the three listed ideas, but
it took the feasible aspects of each idea.
Table 4. Final Pugh Matrix

Conceptual Model
From the Pugh Matrix, our initial conceptual design combined the sliding mechanism of a
Kerrison Rongeur with a wire blade to cut the facet joint. A rigid backstop will hook behind
either the inferior articular process (IAP) or superior articular process (SAP). The wire will be
held in tension against the bone while a motor moves the wire in a back-and-forth motion to
mimic a saw. This combines the ease of use and protection of the Kerrison rongeur and the
flexibility of the wire to accommodate a wide range of patient anatomies. The wire motor will be
activated by the squeeze mechanism and letting go will immediately stop the motor.
Once our initial conceptual design was finalized, it was designed in SolidWorks. The
most difficult aspect of designing the device had to do with the hook of the device since it must
be universal enough to fit both bones that comprise the facet joint: the SAP, and the IAP. The
issue lies with the geometry of the two bones: the SAP being thinner and longer than the IAP. An
article containing lumbar spinal anatomy analysis using CT imaging was used for the initial
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geometries for our tool. Widths of the facet joint bones varied from 9.6-16.3mm [1]. We assured
that the hook on the device would have enough room in the space between the bone and the
nerve roots.
In addition to the anatomical research that we did before adding dimensions to our tool in
CAD, we also were able to test our backstop geometry against a spinal lumbar model in
SolidWorks provided by Alphatec. This model guided our design for the hook geometry to safely
be inserted into the surgical cavity. This was done using the assembly tool in SolidWorks, with
the device alongside the spine model, as seen in Figure 11, allowing a visual on how the device
would fit with an anatomically correct model of the spine.

Figure 4: Hook made in SolidWorks using spinal anatomy.
The hook is fit to the facet joint.

From creating a model in SolidWorks, our team was able to conceptualize the device and
confirm its dimensions with the anatomy of the spine. Through the model development, we
pivoted away from a saw to a wire as the cutting mechanism. This was based off the geometry of
the spine and the assembly of the device. We learned that having a saw would not fit the
geometry of the spine and would cause risk to the spinal nerve and soft tissue during surgery.
Incorporating a wire would be safer and more feasible. We also used the model to figure out the
length of the instrument. The SolidWorks analysis will guide our team to the safest geometry of
the part, which is the main concern with this surgical device. The second biggest priority is
having a wire sharp enough to cut through the bone and safely fit within the groove of the spinal
facet.
After watching a facetectomy being performed on a cadaver, our team realized some
fundamental issues with our initial conceptual design. From working solely with the spine
model, the surrounding tissue and ligaments were not taken into consideration. Having a deeper
understanding of the procedure and the full anatomy surrounding the facet joint, the team
decided to make modifications to the initial conceptual design and model. Still using the idea of
wrapping a wire around the facet joint bones, a mechanism for puncturing through the soft tissue
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was incorporated to the end of the hook. The curved hook, resembling a Trans Obturator (TOT)
needle, allows for clean penetration of soft tissue by use of the eyelet of the Gigli wire. The hook
will resemble a cannula needle, having a groove within, so that the Gigli wire can sit in the
groove and be inserted as the needle is being threaded around. The tip of the Gigli wire saw will
be used to push through the soft tissue. This was chosen to allow for quick removal of the device.
Our sponsors suggested that the loop section of the wire may be strong enough to bifurcate the
tissue, however, mechanical testing will need to be performed to validate this structure. Once the
needle and wire are threaded around one of the bones of the facet joint, a pair of surgical
tweezers will be used to remove the wire from the groove of the needle. Alternatively, if the wire
loop can bisect the tissue, then the original Gigli handles may suffice to remove the wire. The
Gigli wire saw will have eyelets on either end of the wire, allowing for the attachment of a
hooked handle. Once both ends of the wire are free, the handles of the Gigli wire will be
attached. The handles will be held by the surgeon and used in a push/pull motion to create the
sawing motion to cut the bone. The updated SolidWorks model can be seen in Figures 12, 13,
and 14.

Figure 5: Redesigned needle hook made in SolidWorks using spinal anatomy.
The hook is fit to the facet joint bones.
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Figure 6: Redesigned needle hook made in SolidWorks using spinal
anatomy. The hook is fit between the facet joint.

Figure 7: Redesigned hook fit around IAP in SolidWorks.

Failure Modes and Effects Analysis
The Failure Modes and Effects Analysis (FMEA) table came after finalizing our frontrunner conceptual design. This step-by-step approach allowed us to determine all possible
failures within our device. There were two functions that could be affected by potential failure
modes: cutting the bone and protection of the area. With the two functions, there were seven
potential failure modes associated. Potential failure modes include lack of tension in the wire, a
failed fit of the hook to the facet joint bones, a weak wire, a break in the backstop, the wire
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falling out of the groove of the needle, the wire moving off the guided path, and the handles of
the Gigli saw wire detaching from the eyelets of the wire.
The two potential failure modes with the highest Risk Priority Number (RPN) relates to if
the wire moves off the guided path and if the wire is too weak to cut through the bone. If the wire
moves off the guided path, there would be a risk of nicking soft tissue or nerves because there
would be no protection. If the wire knots/blades either break or bend, there would not be enough
force to remove the facet joint. The cause of failure for the failure modes would be material
characteristics and mechanical error. To address the issue of the wire moving off the guided path,
the design can incorporate a deep groove to ensure that the wire can stay in place. A fatigue test
will be applied to the wire to test for failure. The expected number of cycles before failure occurs
will be 43,800, based on a life cycle of 15 years. A complete FMEA table that has been made for
the spinal facetectomy tool can be seen in Appendix B.

Detailed Design
After the team visited Alphatec and witnessed a facetectomy performed on a cadaver, our
team reworked our conceptual model to increase the likelihood of the device’s efficacy. Our
main concern after the surgery was how the device was going to pierce through the soft tissue
and wrap around the bone, so we started looking into how other procedures have been done
around tissue-encapsulated bone. One option was the use of a surgical needle to be small enough
to bifurcate the tissue and thread wire around the joint. From this idea, helicoidal surgical
needles used for various gynecological insertions were discovered. These TOT Needles seemed
to have the perfect shape to insert the wire saw behind the facet joint. With the new idea of using
a TOT needle, the team met with Alphatec and got confirmation that the concept was feasible.
The final design includes modifications from the initial conceptual design, such as a rounded tip
and a retrieval mechanism. The main mechanism for cutting the bone has not changed – a Gigli
wire saw will continue to be used.
Many factors go into the ‘make or buy’ decision, some of which include cost, lead time,
quality, and machinery. For these reasons, our team decided to purchase an off the shelf Gigli
wire saw for our functional prototype. Surgical grade Gigli wire is more expensive and the use of
an off the shelf wire would not alter any dimensions of the part that we will be manufacturing
ourselves. The wire purchased is 1.5mm in diameter, half of the width allowable between the
tissue and the bone. The Gigli wire will be approximately 18in in length, allowing for the wire to
wrap around the facet joint bone and provide enough excess wire for the surgeon to manually
pull on to create the sawing motion. The handles for the sawing motion will also be purchased
from a vendor. In most cases, the handles come with the Gigli wire saw. The grooved hook will
come from a cannula needle manufacturer, where we are able to custom make the hook to fit our
application.
The detailed drawings for the Hook, Gigli Wire, and Assembly can be found in Appendix
E. An assembly drawing is shown below, in Figure 15. These drawing detail the dimensions
needed for each and how the two parts will fit together.

© 2022 Kayla Hong, Kyle Himmelein, Connor Kilzer

Figure 8: Assembly drawing of facetectomy tool.

Material selection for our device was based on materials used for previous surgical tools.
When discussing material with Alphatec, they informed us that the most common material for
surgical tools was 316 Stainless Steel. This stainless steel has optimal strength and is sterilizable,
making it optimal in surgical procedures. The Gigli wire and handles were purchased with this
material, as it is the common surgical tool material. PLA plastic was chosen for the handle
material as it has high strength and allows for 3D printing. This helps reduce the cost in
prototyping and design changes. The backstop material was again made to be 316 Stainless Steel
once manufacturing was outsourced to Alphatec. They purchased 316 Stainless Steel hollow rods
and manufactured them to our design specifications.
The cost is important to our design, as decreased material and manufacturing costs will
allow for greater prototyping and iterative design throughout the build/test phase. PLA was
chosen for its ability to be 3D printed, which significantly reduces the lead time and cost of
generating a unique mold. Cost was also considered when deciding whether to make or buy the
wire. As Gigli saw wire is readily available and would be difficult to manufacture, we decided
that purchasing this wire from third party vendors would be the most cost-efficient option.
The critical dimension for the Gigli wire is a 0.06in diameter. This dimension is critical
as it interfaces with the backstop. The wire must be able to fit within the backstop, which has a
wall thickness of 0.01in, creating an inside diameter of 0.095in. With medium manufacturing
precision, each will have a tolerance of ±.01in, allowing the wire to fit with the backstop even at
tolerance limits. The other critical dimension is the exterior backstop diameter. The backstop has
an outside diameter of 0.12in, with medium precision. Medium precision was used for the needle
components as these have critical dimensions between component interfaces. The dimensions of
the backstop handle will be critical at the interface between the stainless-steel needle and the
plastic handle. The interface will also have medium precision, allowing for an appropriate
shaft/hole interference fit. The remainder of the handle will have coarse precision, as there are no
critical interfaces that will affect device function.
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Prototype Manufacturing Plans
For the fabrication of our design, we used the Cal Poly machine shops as much as
possible to 3D print the prototypes that we used to test the geometry of the parts to make sure
that the Gigli wire saw would fit with the dimensions of the part. This step of the process was
done before any metallurgical manufacturing so that there were minimal issues with anatomical
geometry and waste of raw materials.
We also purchased a Gigli saw wire (and hooks) to experiment with, as it was more
pragmatic and feasible to make modifications to an existing Gigli wire as opposed to
manufacturing one from scratch. The manufacturing of our device took place after the design
freeze starting March 28, marking the beginning of our manufacturing. As noted below, in the
Bill of Materials, the total cost for manufacturing will be around $573.
Each member of the team was red tag certified, and one member was yellow tag certified
by the end of week one so that we were able to access to relevant machining tools, like drill
presses, laser cutters, lathes, mills, and any other machining processes that we may need to use.
Alphatec has reached out to offer any production assistance that Cal Poly machine shops were
not able to provide, minimizing any manufacturing limitations. The biggest concern of the
project was the pricing of materials and production efficiency, as we were concerned that our
designs would come out damaged or incorrectly dimensioned, which is why the tool model was
first built and sized according to the spinal model in SolidWorks and was followed closely so
that there was no waste in resources. The manufacturing of the cannula needle/backstop
component (part number 2 in our detail drawing) was attempted by our team in the Cal Poly
machine shops. However, after multiple outcomes ranging from unusable to mediocre, we
decided to outsource the metallurgical machining of the backstop to Alphatec, who were able to
produce more consistent results. Below, in Table 5, is the bill of materials that was used for the
fabrication of this project:
Table 5. Bill of Materials
Number of Price per
Total Cost
Units
Unit

Item

Material

Full Description

Vendor

1

316L
Stainless
Steel

Gigli Saw Wire
(individual)

Amazon (Tag Z is
brand)

4 units

$10

$40

2

316L
Stainless
Steel

Wire Hooks

Amazon (Tag Z is
brand)

2 units

$10

^included
above

3

PLA
plastic

Handle housing
stainless steel
metal

Cal Poly Machine
shops

~10

$50

$50

Prototyping

Cal Poly Machine
shops

~20

$5

$100

Backstop
Prototype III

The lab Depot

4 units

$44.63

$178.52

4
5

PLA
plastic
316L
Stainless
Steel
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6

304
Stainless
Steel

Backstop
Prototype II

McMaster Carr

1 bar

$24.17

$24.17

7

Keyhole
Saw

Cutting Canal into
Backstop
Prototypes I and
II

MSC Direct

1 unit

$84.69

$84.69

For the detailed steps on how to manufacture this device, which have been modified and
revised continuously throughout the past 4 months at the discretion of our instructors and our
sponsor at Alphatec, the following instructions should be followed precisely to properly fabricate
the device:
1. 3D print the handle of the device (item number 4) with PLA plastic using the previously
mentioned Stratasys uPrint 3D printer.
2. Purchase the Gigli Saws from an outside supplier for the cheapest possible option,
although they may be manufactured in-house. In accordance with our design, the
diameter of the saw must be no larger than 1.5 millimeters.
3. Purchase 316 Stainless Steel tubing from the Lab Depot with an overall diameter of 2.6
mm and a thickness of about .9 mm.
a. Cut the steel tube to the correct length that we have used in our design (about 127
mm) with a bandsaw.
b. Fill the steel tube by feeding through electrical wire (sand may also work).
c. Then using a tube bender with a radius of about 7.3 mm, bend the backstop around in
180 degrees. This step should be done with discretion, make sure the material does
not fold or pinch (it should not since it has been filled with material).
d. Once the 180-degree bend has been performed, grip the tube in a mill, and cut the top
part of the tube all the way across, including into the bend itself, using a keyhole saw
(item no. 8 in the bill of materials). For a visual demonstration of how this will be
done, reference the drawing below, the grey circle representing what would be the
keyhole saw:

Figure 9: Keyhole Saw Fitting into the Bend of the Needle

4. The backstop should then be fitted into the plastic handle, which can be epoxied in to
ensure that disassembly is impossible. For prototype I, no epoxy was used to ensure we
would be able to swap out different backstops as needed.
a. To epoxy in the handle, mix the epoxy and lightly dab a small brush into the mixture.
b. Insert the brush into the hole of the handle and ensure that the entire interior surface is
covered.
c. Push the backstop into the hole and give time for the fixture to dry (times vary
depending on the epoxy, could be anywhere from 30 minutes to 24 hours)
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5. For the Gigli wire, repurpose one end so that there is a sharper penetration and smaller
eyelet to fit into the backstop by doing the following.
a. Start by removing the end of the Gigli wire with wire clippers so that there is no larger
diameter wire left, and only the sharp part of the Gigli wire is left
b. Once removed, bend the wire back 180 degrees and weld it together to make a loop
c. Finally, press the Gigli wire into the backstop, and wrap the excess wire around the
handle. The completely assembled device can be seen below:

Figure 10: Assembled Prototype III

Test Plans
Testing of our device consisted of two steps. The first step was to test individual
components, as needed, for endurance strength, tensile strength, allowable life cycles, hook
deformation, and penetration ability. Once each component had been tested, device was
assembled and tested for reliability, reusability, accessibility, and success rate. Testing of the
complete device was performed on porcine bones, taken from the Cal Poly Meat Shop, and will
be done on cadavers at Alphatec.
As a brief overview of this section, the following tests will be performed and analyzed: A
bend test will be performed on the 316 Stainless Steel backstop to determine ultimate tensile
strength. This value will be used to calculate the endurance strength of the part, and the life cycle
limit of the device. The factor of safety will not be measured directly. Instead, load and stress
calculations will be performed based on performance data to determine a reasonable factor of
safety. The Gigli wires, since bought by manufacturers, will not be tested. However, we expect
no issues with the wire saws, as they are surgical grade, and have gone through prior testing to
make it to market. The wires, hooks, and eyelets will be tested against a spinal model and its
movement and efficacy will be tested. The eyelet of the Gigli wire saws will undergo a
penetration test to ensure that enough force can be generated using the eyelet to puncture through
soft tissue. The hooked portion of the backstop will undergo a hook deformation test to
determine the allowable force on the hook before deformation begins. Finally, a pullout strength
test will be performed to analyze the strength of the connection between the backstop and the
drilled hole in the handle. Once the components are tested and evaluated, the device will be put
together and tested for its efficacy.
Below, in Table 6, are the customer requirements that the device is aimed at fulfilling.
The correlated engineering specifications are listed by each requirement, along with the way that
the specification will be tested. Listed to the right of each test is its expected result. If the test
result is a value, the value is listed. For subjective tests, such as for success rate, the metric for
the expected result is whether the device is successful in doing what it is meant to do.
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Table 6. Test Correlations to Engineering Specifications.

#

Customer
Requirement

Engineering
Specification

Applicable Test

Expected Result

1

Reusable, high life
cycle

Endurance
Limit

Bend test

107.4 MPa

2

Strong

Tensile
Strength

Bend test,
Hook deformation test

483 MPa,
No deformation
before 5lbs

Factor of Safety
calculation,
Penetration test,
Pullout Strength test

3,
0.20 - 1.9 N,
2.95

3

Safe

Factor of
Safety

4

Reproducible

Success Rate

Porcine bone test,
Cadaver test

Successful

5

Small

Dimensions

Visual Inspection

11 inches

6

Inexpensive

Cost

Compare to actual cost

$1300

7

Manufacturable

Parts

Visual Inspection

2 parts

8

Accessible to all
surgeons

Surgeon
Fatigue

Piper Fatigue Scale-12
test

4

Below, is a bulleted list of each of the tests and corresponding information, such as the
protocol, sample size, expected results, and personnel needed to perform the test.
 Bend Test
o Protocol:
 Use the Instron machine in BMED 420 lab.
 Use the position method to perform the test.
 Set the displacement rate at 0.1 cm/s and the return rate at
0.2 cm/s.
o Sample Size: 2 rods of 316 Stainless Steel.
o Expected Result: 483 MPa
o Resources: BMED 420 lab room + ISA, Instron machine, and 316
Stainless Steel samples.
o Personnel: Kayla, BMED 420 ISA
 Hook Deformation Test
o Protocol:
o
Add a weight (5 lbs) on to the hooked portion of the
device.
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There will be no force greater than 5 lbs on the
hook during its application in the facetectomy.
o Observe and record if there was any deformation to the
hook with the weight attached to it.
o Sample Size: One manufactured backstop hook
o Expected Result: No deformation before 5lbs of weights.
o Resources: BMED 420 lab room, backstop hook, weights
o Personnel: Kyle
Penetration Test
o Protocol:
 Make medium that will mimic soft tissue. In this case, it is
agar.
 Weigh hardened agar on scale, then zero the scale.
 Use one eyelet that is attached to the Gigli wire saw to push
into the agar gently and slowly.
 Record the weight that the scale reads at initial penetration
of agar.
 Convert the weight at which penetration occurs from grams
to Newtons.
o Sample Size: Two eyelets of a Gigli wire saw, 4 slabs of Agar, 10
penetrations.
o Expected Result: 0.20 N – 1.9 N [16].
 This is the acceptable range of forces it takes to penetrate
through soft tissue using a curved needle [16].
o Resources: Agar, Room 192-330, Gigli wire eyelets, scale.
o Personnel: Kayla
Factor of Safety
o Protocol:
 A SolidWorks model was used to perform a Finite Element
Analysis (FEA) on the device based on the .8 N force it will
take to penetrate through soft tissue.
 FEA screen shots can be found in Appendix F. The
hand calculation can be seen in Appendix G.
 Using the stress and strain values given from the FEA
analysis, the factor of safety was calculated.
o Expected Result: ~ 3
 For weight-bearing medical devices, a safety factor of n = 3
is typically used. Since this is a surgical tool that will be
undergoing forces to pierce through the tissue, 3 is a valid
safety factor to ensure that the expected loading will not
damage the material
o Resources: Room 192-330, SolidWorks.
o Personnel: Kyle
Pullout Strength Test
o Protocol:
o
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The device will be assembled using epoxy to glue the
backstop into the drilled hole in the handle.
 An Instron machine will be used and loaded with the
backstop/handle portion of the device.
 Loads will be used on the device to see how much strength
is needed to cause slippage between the handle and the
backstop.
 Results will be recorded to see how much force it will take
to remove the backstop from the handle.
o Sample Size: 1 assembled device with connection made with
epoxy.
o Expected Result: 50 N of force will not remove the backstop from
the handle.
o Resources: Alphatec’s testing machines
o Personnel: Connor
Porcine Bone Test
o Protocol:
 Acquire porcine spinal bones and completed, functional
device.
 Set up pig spine on a mat/cover in BMED 420 lab room.
 Perform a facetectomy on pig spine.
 Keep in mind that the anatomy differs slightly, and
the main thing we are testing is the ease and
functionality of the device.
 Ensure that the device can cut through bone quickly and
efficiently.
o Sample Size: 1 (functional prototype)
o Expected Result: Successful in cutting through bone
o Resources: BMED 420 lab room + ISA, completed device, all
three team members will be present.
o Personnel: Kayla, BMED 420 ISA
Cadaver Test
o Protocol:
 The completed, functional device will be taken to Alphatec
in Carlsbad, CA.
 Multiple different surgeons will test the device on a
cadaver.
 Surgeons will be performing facetectomies.
o Sample Size: 1 device, n = 6 facetectomies
o Expected Result: Successful in resecting the facet joint.
o Resources: Alphatec Cadaver Lab, completed device, at least 2
surgeons, all three team members will be present.
o Personnel: Connor
Visual Inspection
o Protocol:

© 2022 Kayla Hong, Kyle Himmelein, Connor Kilzer

Once the device is completed, the team will visually inspect
the device to ensure that it meets the criteria set with the
engineering specifications.
 The team will measure the device from one end to
the other to check dimensions.
 The team will count the number of parts that
complete the device to check the manufacturability.
o Sample Size: 1 device
o Expected Result: The device will be no more than 8 inches in
length and will consist of 2 parts.
o Resources: 192-330, completed device.
o Personnel: Kayla
Compare to actual cost
o Protocol:
 The team will add up the total cost of all the materials it
took to create the device, including materials needed to
manufacture and test.
o Sample Size: 1 device and all corresponding manufacturing and
testing materials.
o Expected Result: The device (in its entirety) will have cost no
more than $1300 to make.
o Resources: 192-330, completed device, costs for all materials of
device and machines needed for manufacturing and testing.
o Personnel: Connor
Piper Fatigue Scale-12 Test
o Protocol:
 The completed, functional prototype of the device will be
taken to Alphatec in Carlsbad, CA.
 Multiple different surgeons will test the device on a
cadaver.
 Surgeons will be performing facetectomies and
rating their fatigue on the scale.
o Sample Size: 1 (functional device)
o Expected Result: Result of 4 on the Piper Fatigue Scale-12.
o Resources: Completed device, Alphatec Cadaver Lab, at least 2
surgeons, all three team members will be present.
o Personnel: Connor, surgeons






Testing the completed device on porcine bones will ensure that the device can safely and
effectively resect bone. Once confirmed that the device can cut through bone, a prototype will be
taken to Alphatec and tested on a cadaver. The team will travel to Carlsbad to watch a
facetectomy being performed, with our device, on a facet joint of the lumbar spine. The trip
down to Carlsbad will be after the BMED Expo.
To test for other engineering specifications- like cost, number of parts, surgeon fatigue,
and dimensions- material choices and the final design will be considered. Most pieces of the
device, like the Gigli saw wire, will be bought already manufactured, effectively lowering the
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cost. Although 316 Stainless Steel is expensive, the maximum amount allowable is $1300 for the
entire device. Without having to buy the stainless steel to manufacture large amounts of the
device, the expected cost remains below $1300. The number of parts were considered when
designing the device. Currently, the device has 2 parts: the Gigli saw wire and handles and the
cannula needle backstop. With 3 being the maximum allowable number of parts, the device our
team designed meets that specification. Finally, the surgeon fatigue will be measured,
subjectively, using the Piper Fatigue Scale-12 (PFS-12) chart. To test this specification initially,
the team will test the device and complete the PFS-12. Once the prototype is taken to Alphatec,
the surgeons testing the device will complete the chart as well. The expected value for the fatigue
scale is 4, based on other surgical tools’ ratings.
All expenses for testing will come from purchasing materials, such as the stainless steel.
Some of the costly materials will be from the 316 Stainless Steel. No purchase was necessary to
acquire porcine bones from the Cal Poly Meat Shop. From the wide variety of testing machines
available to use, through Cal Poly and Alphatec, the costs for testing will be exempt.

Test Data and Analysis
Below, in Table 7, are the results from the tests we performed on the device and its
components. A brief description of the results of the tests are as follows: the endurance limit was
calculated from an experimental tensile strength value along with a variety of coefficients to
determine if the device has infinite life. To determine the endurance limit, the tensile strength of
the 316 Stainless Steel was needed. This value came from an experimental bend test on the
backstop. After performing this test, the load and displacement values were turned into stress and
strain values using a semi-circle approximation for the bending moment. From this, it was found
that the ultimate tensile strength is 361.3 MPa. The endurance limit was then found to be 107.4
MPa, using the (.5*UTS) equation. The full hand calculation can be found in Appendix H. The
factor of safety, once calculated using a FEA, was found to be 2.95. The penetration test yielded
results of 0.8 N. There was no deformation to the hooked portion of the backstop when 5lbs of
weight was hung from it. The final prototype was successful in resecting bone on a pig spine.
The cadaver test has yet to be performed on our final prototype device. Visual inspections
ensured that the device was under 11 inches and had a total of 2 parts. A cost comparison
showed that the total expenses came out to $121, when we had a budget of $1300. Finally, the
subjective surgeon fatigue test has yet to be performed. This will be done in conjunction with the
cadaver test.
Table 7. Results from Tests.

Engineering
Specification

Applicable Test

Endurance Limit Bend test + calculation
Tensile Strength

Bend test,
Hook deformation test

Expected Result

Actual Result

Pass/Fail

107.4 MPa

102.1 MPa

Pass

483 MPa,
No deformation
before 5lbs

361.3 MPa,
No deformation

Pass
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Factor of Safety

Factor of Safety
calculation,
Penetration test,
Pullout Strength test

3,
0.20 - 1.9 N,
50 N

2.95,
0.8 N,
235.7 N

Pass

Success Rate

Porcine bone test,
Cadaver test

Successful,
Successful

Successful,
In progress

In progress

Dimensions

Visual Inspection

11 inches

10.5 inches

Pass

Cost

Compare to actual cost

$1300

$121

Pass

Parts

Visual Inspection

2 parts

2 parts

Pass

Surgeon Fatigue

Piper Fatigue Scale-12
test

4

In progress

In progress

For endurance strength, we based our expected result on a theoretical calculation. The
experimental calculation yielded a value of 102.1 MPa, which was just slightly below our
expected. We deemed this as a pass since this shows that the device has infinite life. For the
tensile strength of our device, the expected result was 483 MPa based on the properties of 316
Stainless Steel. The bend test results gave a tensile strength of 361.3 MPa. This value passed the
criteria, even though it was lower than the expected value, because we are concerned with the
material breaking off in the patient. There will be no force greater than 361.3 MPa during the
facetectomy procedure. Since this is the case, it passed. The values used for these calculations
came from the analysis of the bend test. The Load vs. Deformation graph, along with the Stress
vs. Strain graph, can be seen in Figures 11 and 12 below.

Figure 11: Load vs. Displacement of 316 Stainless Steel.
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Figure 12: Stress vs. Strain of 316 Stainless Steel.

The hook deformation test showed no deformation with 5 pounds of weight on the hook.
Along the same logic as the tensile strength, there will be no weights greater than 5 pounds on
the hooked portion of the backstop, so it passed this test criteria.
The factor of safety calculation was similar enough to the expected value of 3 and passed.
This value was based on other stainless steel surgical tools. The Finite Element Analysis can be
seen in Figure 13.

Figure 13: Finite Element Analysis for factor of safety
calculation. 5N of force was placed on the hook.

The penetration test saw that it took 0.8 N to initially penetrate through soft tissue. This
was within the range of forces we were looking for, so it passed the test. It is important to note
that this is not the total force that will be exerted when performing the facetectomy- it is just
testing whether the material could puncture through soft tissue.
For the pullout strength test (tension test), our team wanted to see no slippage between
the handle and the backstop with 50 N of force. The test showed that slippage started at 235.7 N
of force. Since it takes a lot more force than expected in a facetectomy procedure, the pullout
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strength test passed its criteria. Figure 23 shows failure of slippage markings from load and
position.

Figure 14: Failure of Slippage Graph.

The porcine bone test was successful in resecting bone from a pig spine. This proved that
the device is functional and feasible in removing bone.
The visual inspections of the device showed that it met the criteria set for the dimensions
and number of parts. A cost comparison showed that the device, on our end, cost $121. There are
costs to be added to this, due to the outsourcing of the device to Alphatec to manufacture.
Although the exact costs for Alphatec’s manufacturing expenses are unknown, it was made clear
that our total costs were under $1300. The inspection for dimensions came from a measurement
of the device length and it was noted that
Finally, the Piper Fatigue Scale-12 and cadaver tests are still in progress. As our team has
yet to take our final prototype device to Alphatec, these tests have not been performed yet. Once
the device is used on a human cadaver for a facetectomy, there will be added results to these
tests. Although they have yet to be tested, we suspect that the tool will be successful in removing
the facet joint, due to the prior knowledge we have on its ability to remove pig bone. We also
foresee a low fatigue rating, since the removal of pig bone took around 20 seconds and did not
utilize a lot of force.

Instructions for Use
Below are the instructions for use for the spinal facetectomy tool. Before the facetectomy
is performed, the patient will be prepped accordingly. The following steps are after assuming that
the patient’s soft tissue has been cleared from the area.
1. Connect the Gigli wire to the backstop handle by taking the wire and inserting it
into the slit of the backstop.
o Ensure that the penetrating eyelet of the Gigli wire pokes out of the
hooked portion of the backstop.
o Be cautious directly handling the wire, and avoid moving the wire directly
across skin
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2. Wrap the excess wire around the handle's groove until it is out of the way.
3. Once the facet joint has been identified for removal, use the hooked portion of the
device to wrap around the SAP.
o Some soft tissue may need to be penetrated to get the device fully wrapped
around the joint bone.
o Safety glasses and proper operating room etiquette should be used while
performing a procedure using this tool
4. Once wrapped around, the eyelet of the Gigli wire will be poking out of the spine.
5. Remove the Gigli wire from the slit of the backstop handle.
6. Take the handles of the Gigli wire and insert them into the two eyelets that come
with the Gigli wire.
7. Once in place, place the Gigli wire in tension by pulling on the ends of the Gigli
wire.
8. Begin manual resection of the facet joint bone by performing a sawing motion
with the Gigli wire.
9. Continue the sawing motion until the SAP is removed.
o If needed, use a vacuum or suctioning tool to remove any bone dust that
may accumulate from the sawing process.
10. Once the SAP is removed, perform the same steps on the IAP until that joint bone
is resected.
11. Remove the Gigli wire and safely dispose of it and any other biohazardous
materials.
12. Place the backstop and handle into an autoclave for sterilization of the equipment.

Project Management
During the design process, a stage-gate model was utilized. Each stage—initiation,
formulation, design/development, final validation, and product launch—will be completed with a
design review. Design reviews included concept feasibility, verification, and validation. Weekly
meetings with the team and the sponsors provided necessary guidance and feedback throughout
the process.
The key tasks envisaged in this effort are detailed below. Each date that is associated with
a deliverable is the date of which the team completed the task. Detailed outlines of each of the
two phases of this project are listed below Table 8. Key deliverables listed span from the start of
this project to the end.
Table 8. Key Deliverables: January 2022 through June 2022.

Key Deliverable

Due Date

Morphology & Concept Sketches

1/31/22

Conceptual Model

2/9/22

Failure Mode and Effects Analysis

2/9/22

Conceptual Design Review Report

2/14/22

Visit to Alphatec

2/14/22-2/15/22
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Hazard and Risk Assessment

2/28/22

Critical Design Review Report

3/7/22

Spring Quarter Project Plan

3/15/22

Spring Break

3/18/22-3/27/22

Test Plan Report

4/21/22

Test Plan Presentation

4/21/22

Functional Prototype Video

4/21/22

BMED Poster Expo

5/27/22

Senior Project Design Report

5/31/22 – 6/2/22

Visit to Alphatec (Cadaver test)

Date TBD

Two main phases have been employed to guide the design process. Phase 1 included
initiation and formulation. These elements included defining the problem, understanding the
function of existing devices, creating a morphology, and coming up with a conceptual design.
Subtasks consisted of defining customer requirements and engineering specifications, a failure
mode and effects analysis, and a hazard and risk assessment. The conceptual design review acted
as a gate, where there will be a thorough review of the design’s feasibility. The critical design
review included verification and validation of the conceptual model. As a part of this phase, the
team travelled to Alphatec in Carlsbad, CA to observe a TLIF procedure in the cadaver labs. This
observation guided the team in the final design modification. Phase 1 lasted until March 7, 2022.
Phase 2 included design, development, and final validation. Computer modeling programs,
SolidWorks, and AutoCAD were used to design the device, and the machine shops were used to
manufacture the device. A functional prototype was made, and testing of the device was done on
a pig spine. A thorough test plan was made and included modes of testing, verification, and a
prototype to test. Phase 2 will span from 3/28/22 to 6/6/2022.
A complete Gantt chart for the two phases can be seen in Appendix C. The critical path is
highlighted in red. Outlined in the diagram are all main tasks that will be fulfilled during the
length of this project. The critical path follows that of the listed key deliverables in Table 3,
except for the Pugh chart and Hazard and Risk Assessment. Throughout the project, status
update memos have been presented to document the team’s progress and next steps. The status
update memos are not a part of the critical path and will not affect the overall project length. To
improve the critical path, the team finished deliverables before they were due. Although
presentations and review reports’ due dates cannot be changed, having key deliverables
completed before each presentation can allow the team to have more time to prepare for the
presentations and reports. In Appendix D.1 and D.2, there are Gantt charts for the manufacturing
and testing aspects of the project. Again, the critical path is seen in red.
A live budget was kept over the duration of the project. The table can be seen in Table 9
below. The main costly items included the 304 Stainless Steel material and the keyhole saw for
manufacturing. Many of the materials used in our final design were purchased by Alphatec, so
the exact costs for those materials are unknown. The live budget only includes the team’s
expenses that Alphatec reimbursed.
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Table 9. Budget for Spinal Facetectomy Tool.

Some of the costs that should be added to the total cost include the 316 Stainless Steel
hollow rod purchase and the new keyhole saw for the slit in the backstop. Beside the materials
needed to manufacture, the physical manufacturing of the device took place at Alphatec.

Discussion and Conclusion
The transforaminal lumbar interbody fusion surgery requires removal of the spinal facet
(facetectomy) prior to damaged disc removal. The facetectomy procedure varies between
surgeons, as different tools can be used since there is no “gold standard” approach. The purpose
of this project is to design and prototype a spinal facetectomy tool for use in TLIF surgery to
minimize risk of spinal nerve damage and create a standardized procedure for surgeons.
Through the identification of customer requirements and engineering specifications,
critical functions and potential concepts of the device were generated through the morphology.
The final device concepts were compared, and a conceptual model of the device was created
using SolidWorks to compare its geometry to the spinal anatomy. Potential failure modes of the
concept were generated, and total risk was quantified through Failure Modes and Effects
Analysis (FMEA). The initial front runner conceptual design underwent some modifications to
come to the final design. The final design was created in SolidWorks. A detailed design section
was added with detailed drawings and a Bill of Materials from the CAD model. A section
outlining the prototype manufacturing plans discuss Manufacturing Process Instructions and
equipment and facilities for the testing. The Test Plans section includes how the device will be
tested. Test results explain and analyze the results from each test. Instructions for use have been
added to describe, in detail, how the device must be used. The entire process of how the device
was produced, from conceptual design to testing, can be found in this report.
Challenges include a lack of resources for manufacturing and testing on the Cal Poly
campus. The issues we ran into with manufacturing set back the deliverance of our final design
by a couple weeks.
Limitations with this project include differences with anatomy in animal testing and lack
of human cadaver testing. The porcine spine test, although successful in proving the device’s
ability to cut through bone, was not an accurate representation of the facet joints in humans. Due
to this, the angles and dimensions of the device did not fit the anatomy of the pig facet joints.
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The device has yet to be tested on a human cadaver, leaving the feasibility of this product
unknown.
Future directions for this project include making iterations to the current final design. The
welded portion of the eyelet of the Gigli wire must be reinforced to make stronger. Another
option to fix the weak weld is to change the eyelet to a ball bearing end with a hole through it.
This may fix the problem of strength with the weld. The ends of the Gigli wire hooks can also be
adjusted so that it is not as easy to detach from the eyelets of the wire. The team will continue to
work on the device and have plans to perform a facetectomy on a human cadaver at Alphatec in
the coming months.
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Appendix A: House of Quality
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Appendix B: Failure Modes and Analysis Table
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Appendix C: Gantt Chart (Entire Project)
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Appendix D.1: Gantt Chart for Manufacturing

Appendix D.2: Gantt Chart for Testing
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Appendix E: Detailed Drawings
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Appendix F: FEA in SolidWorks – Von Mises Stress
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Appendix G: Factor of Safety Hand Calculation
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Appendix H: Endurance Strength Calculation
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